Background: Current methods of lymph node (LN) staging are controversial in predicting the survival of SBA. We aimed to develop an alternative LN-classification-based nomogram to individualize SBA prognosis. Methods: Based on the data from the Surveillance, Epidemiology, and End Results (SEER) database of patients diagnosed with SBA between 2004 and 2014, we identified the cut-off points for the number of LNs examined and the number found to be metastatic using the K-adaptive partitioning (KAPS) algorithm. Using metastatic LNs, a nomogram predicting the survival of SBA was derived, internally and externally validated, and measured by calibration curve, C-index, and decision curve analysis (DCA), and compared to the 8th TNM stage. Results: A total of 1516 patients were included. The cut-off of 17 was the optimal examined LN number. For metastatic LN numbers, the cut-off points were 0, 2, and 8. The C-index for the nomogram was higher than the 8th TNM staging (internal: 0.734; 95% CI, 0.693 to 0.775 vs. 0.677; 95% CI, 0.652 to 0.702, P b 0.001; external: 0.715; 95% CI, 0.674 to 0.756 vs. 0.648; 95% CI, 0.602 to 0.693, P b 0.001). Also, the nomogram showed good calibration in internal and external validation and larger net benefit than TNM staging. Conclusion: We modified current N staging into a 4-level staging system based on the number of metastatic LNs: N0, no LN metastasis; N1, 1-2 metastatic LNs; N2, 3-8 metastatic LNs, and N3, N8 metastatic LNs and set the least examined LN number to 17. A nomogram based on this staging showed great clinical usability than TNM staging for predicting the survival of SBA patients.
Introduction
Small bowel tumors are one of the major causes of obscure gastrointestinal bleeding [9] . Small bowel adenocarcinomas (SBA) are the third most common histology of small bowel tumors [23] . Advancements in enteroscopy, capsule endoscopy, and cross-sectional imaging techniques [22] have allowed patients to be diagnosed earlier and more accurately. Although SBA is rare in the gastrointestinal tract, it has a poorer stage-stratified, cancer-specific survival than colon cancer [11, 19, 26] . The current American Joint Committee on Cancer TNM staging system (TNM staging) of SBAs and the number of examined lymph nodes (LNs) remain controversial in predicting survival [18, 20] . Meanwhile, other independent factors, such as age, grade, and tumor size, could also affect the survival significantly [3] .
The effect as assessed by the number of LNs was not found to have a linear relationship to survival, and the cut-off points were essential. Traditional statistical methods can only divide cases into groups using artificial cut-off points to evaluate the difference in survival. The K-adaptive partitioning (KAPS) algorithm [8] is a useful tool for obtaining heterogeneous subgroups by survival and finding the best cut-off points by evaluating potential multi-splits.
For this reasons, we aimed to determine the optimal number of examined LNs and alternative staging of metastatic LN number through the population-based Surveillance, Epidemiology, and End Results (SEER) database by the KAPS algorithm. We here developed and validated a nomogram based on this LN staging for predicting survival for SBA patients.
Methods

Study Design and Data Collection
This study was based on data from the SEER 18 database which includes incidence and survival data from multiple population-based cancer registries [13] . We initially analyzed 6440 patients over 18 years old who were diagnosed SBA between 2004 and 2014. To explore the pathogenesis and influencing factors for survival of SBA, we excluded patients with distant metastatic tumors and those who survived b3 months. Since we used the pathology of lymph node as the gold standard, we excluded patients who had not undergone surgery or for whom no detailed pathology was available, and those with unknown lymph node examination or an unknown number of metastatic lymph nodes. For further comparison of the feasibility of nomogram with the 8th TNM staging (Amin) [1] , we excluded patients with unknown grade of tumor, with unknown T stage, with unknown N stage, and with unknown M stage. We also excluded patients without known prognostic characteristics, including race, tumor size and location. We then collected the clinicopathologic variables from the SEER 18 database, including age, gender, race, and location of tumor, TNM staging (8th TNM staging, shown in Appendix 1), grade of tumor, histologic grade, number of lymph nodes examined, number of positive lymph nodes, tumor size, and months survived.
Outcomes
The main outcome was to evaluate the effect of lymph nodes in SBA patients, including the optimal number of lymph nodes examined and alternative staging of metastatic lymph nodes with cause-specific survival (CSS) because SBA was the main endpoint. We further constructed a survival prediction model based on this metastatic lymph nodes staging for SBA patients and validated it by comparing it to TNM staging.
Statistical Analysis
Lymph nodes were evaluated in all of the participants. To establish the optimal number of examined lymph nodes, we use the modified KAPS algorithm described by Eo et al. [8] to categorize all cases into two groups to find the optimal set of cut-off points. We also used this algorithm to evaluate multi-group split points of metastatic lymph nodes and selected the optimal number of subgroups. Survival was compared between the subgroups using Kaplan-Meier survival curves and Cox regression analysis. A univariate and multivariate Cox regression model was used to calculate the hazard ratio (HR) and the adjusted HR of the alternative examined lymph nodes and metastatic lymph nodes for survival of SBA after adjusting for age, T stage, M stage, grade, histology, and tumor size.
We backward Cox analysis using AIC selection criteria, where the best model was selected with the least AIC [25] . The model was presented as nomogram and compared using the TNM staging using Harrell's concordance index (C-index) [15] . The nomogram was first internally validated using a bootstrap method and then externally validated in the independent cohorts. Time-dependent receiver operating characteristic (tdROC) curves were estimated for each cohort by inverse probability of censoring weighting estimators (KM-weight) at 1, 3, and 5 years for survival testing with the nomogram and traditional TNM staging of the specificity [4] . We also performed 1-, 3-, and 5-year CSS calibration of the nomogram by comparing the predicted survival to the observed survival in the two cohorts. Clinical usefulness and net benefit of the predictive models were estimated with decision curve analysis (DCA) and compared to traditional TNM staging throughout the whole cohort. All of the analyses were performed using R version 3.3.3.
Results
Patient Characteristics
From 2004 to 2014, 6440 adults were diagnosed with SBA and 1988 patients were excluded because it was not their first diagnosed tumor. Out of 4333 primary SBA patients, 1656 cases did not undergo the surgery or had no detailed pathology of the surgery. For further analysis of the relationship between LN and survival, we eliminated 343 patients who survived b3 months. In addition, patients who had missing data on any of the collected variables, including grade (n = 149), T stage (n = 25), N stage (n = 25), M stage (n = 16), tumor location (n = 296), race (n = 5), size (n = 152), and metastatic LN numbers (n = 150). Finally, 1516 cases (55% men and 45% women, mean age (±SD) 63 ± 53.73) were included for final analysis (Fig. 1) . Baseline characteristics of participants are shown in Table 1 . Among participants, 772 tumors were located in the duodenum, 396 in the jejunum, 325 in the ileum, and 23 in unspecified parts of the small intestine. There were 927 (61%) patients with Grade 1 or Grade 2 tumors and 589 (39%) with Grade 3 or 4. The actual median number of nodes harvested was 12 in the overall cohort (P25:6; P75:18), 11 in the training cohort (P25:6; P75:17), and 13 in the validation cohort (P25:8; P75: 19) . The average number of months of follow-up was 25 in overall cohort, 40 months in the internal cohort, and 16 months in the validation cohort. A detailed analysis of both cohorts is presented in Appendix 2.
Grouping of LNs in SBA Patients
After dividing number of examined LNs into two groups using the KAPS algorithm, we identified the optimal set of cut-off number as 17. Kaplan-Meier survival analysis performed according to the number of examined lymph nodes showed significant differences between these 2 groups (P = 0.0021, Fig. 2A ). We then used cross-validation to obtain the best grouping of metastatic LN numbers. The group with 3 cut-off points was finally selected as the optimal set for predicting survival in SBA. The final groups selected were N0 (no LN metastasis), N1 (1-2 metastatic LNs), N2 (3-8 metastatic LNs), and N3 (N8 metastatic LNs). The difference in survival among the 4 groups was statistically significant (P b 0.001, Fig. 2B ).
Factors that Influenced the Number of LNs Harvested
Many factors were found to influence number of LN harvest. The univariate and multivariate logistic regression was performed to explore potential factors that might be associated with the harvesting of N16 LN. As shown in the Table 3 , results showed greater patient age and tumor location in the jejunum tended to be associated with less LN harvesting and more invasive stage (T2/3/4, M1). Grade 3/4 and larger tumor size tended to be associated with the harvesting of more LNs in the univariate logistic model. The multivariate logistic model, however, indicated that older age and tumor location in the jejunum were associated with the harvesting of fewer LN and more invasive stage (T2/3/4, M1), grade 3/4, and larger tumor size with harvesting of more.
SBA Survival Prediction Model
In the uni-and multi-variate Cox analysis model of clinical characteristics for prognosis of SBA, age N 75 years, T stage 4, M stage 1, Grade 3/4, number of examined LNs N 16, higher number of metastatic LNs, and tumor size N 5 cm were associated with the poorer prognosis. The number of examined lymph nodes was not included because the AIC became larger after this number was included in the nomogram, and we found that was not for the model. The detailed results of Cox analysis are listed in Table 2 . Survival predicting model of nomogram was established based on selected prognostic factors (Fig. 3) . The nomogram showed that T stage contributed the most to prognosis, followed by age, distant metastasis, and number of metastases. Tumor size and grade had a modest effect on survival. Each subtype of the variables was assigned a score. A straight line can be drawn down at each time point on the total point scale to determine the estimated probability of survival, according to the total number of points. For each predictor, read the points assigned on the 0-10 scale at the top and then add these points. Find the number on the "Total Points" scale and then read the corresponding predictions of 1-, 3-, and 5-year risk.
Validation and Calibration of the Nomogram
The C-indexes for the established nomogram to predict overall survival (OS) (internal: 0.734; 95% CI, 0.693 to 0.775; bootstrap corrected: 0.727) were both significantly higher than those of the 8th TNM staging DCA was used to compare the clinical usability of the nomogram to that of traditional TNM staging. Based on a continuum of potential thresholds for death (x axis) and the net benefit of using the model to risk-stratify patients (y axis) relative to assuming all patients will survive, the DCA graphically presented that the nomogram was better than traditional TNM staging ( Fig. 6 ) and subgrouping TNM staging (Appendix 5) under clinical conditions. Compared with traditional TNM staging, the nomogram showed a larger net benefit across the range of death risk in the analysis.
Discussion
Our present investigation shows that the number of LNs examined and LNs found to be metastatic to be inversely correlated with the survival of SBA patients, so we altered the number of LNs examined to 17 and introduced an alternative metastatic LN staging. This LN staging divided patients into 4 groups by the number of metastatic LNs: N0, no LN metastasis; N1, 1-2 metastatic LNs; N2, 3-8 metastatic LNs, and N3, N8 metastatic LNs. We further developed and validated, internally and externally, a nomogram based on the alternative metastatic LN staging for predicting survival in patients with SBA. This nomogram is based on six variables: grade, distant metastasis (M stage), tumor size, invasion (T stage), age, and number of metastatic LNs. This nomogram produced better and more accurate predictions in internal and external cohorts than the traditional 8th TNM staging method and showed better clinical usefulness throughout the survival as assessed by DCA.
It was noteworthy that the number of lymph nodes examined was an important factor in many gastrointestinal cancers [10, 16, 21] , and the connection between survival and the number of lymph nodes examined was supported by some studies [18, 20] . In fact, owing to inadequate lymph-node sampling, the advanced stage of SBA was not accounted for in the earlier studies of LNs in SBA [5, 12, 22] . Either ≥8 or ≥10 lymph nodes was identified as the optimal number of assessed lymph nodes in some studies that used the SEER database [18, 20] . However, traditional statistical methods could only split cases into groups using artificial cut-off points to evaluate the difference in survival. In the present study, we used the KAPS algorithm to choose the best cutoff point for the number of LN examined and found it to be 17. This algorithm could be used to create heterogeneous subgroups by survival and we found the best cut-off points by evaluating potential multisplits. Kaplan-Meier survival analysis grouped by 17 examined lymph nodes showed good distinction for predicting survival. The reason for this phenomenon may be that potential metastasized lymph nodes would be removed during the wider sampling of lymph nodes. However, during complete sampling of lymph nodes, the patients would be treated with appropriate adjuvant therapies based on more precise staging.
Many factors were found to influence number of LN harvested, including the size of the specimen (surgical radicality), host immunology, tumor biology, and diligence of the pathologist. In this study, we found a (22) 58 (14) 44 (11) 81 (100) 45 (56) 26 (32) 14 (17) 10 ( positive association between greater numbers of LNs harvested and advanced stage and larger size of the tumor, which was consistent with results reported by previous studies [6] . We also found younger adult patients to be associated with a greater number of LNs harvested, but the location in the jejunum was associated with fewer LNs harvested. In clinical practice, we could not influence host immunology or tumor biology of SBA, although the better survival of cases with N16 nodes may be explained by favorable tumor biology or more radical surgery. However, we propose that surgeons remove more of the mesentery and that pathologists should look harder for nodes, especially in older patients with tumors located in the jejunum and what appears to be less invasiveness. In those cases, patients could gain better survival and would be less likely to be misdiagnosed with respect to stage.
As a prognostic factor, the number of metastatic lymph nodes was also found to be an important risk factor for survival of carcinomas at many sites, such as the colon, appendix, stomach, esophago-gastric junction, and esophagus [10, 16, 21] . The number of metastatic lymph nodes has been adopted as nodal (N) classification by the 8th edition of the American Joint Committee on Cancer (AJCC) cancer staging manual. There was also a significant association between highly positive lymph-node ratio (N50-75%) and decreased survival for SBA patients [22] . The number of assessed lymph nodes was visibly correlated with the 5-year disease-specific survival rates of patients with stage II small bowel adenocarcinomas: N7 lymph nodes with 83%, 1-7 lymph nodes with 69%, and 0 lymph nodes with 44% [20] . We used cross-validation to obtain the best grouping of cases by the number of metastatic LNs. The group with 3 cut-off points was finally selected as optimal for discriminating survival in SBA. The final groups selected were N0 (no LN metastasis), N1 (1-2 metastatic LNs), N2 (3-8 metastatic LNs), and N3 (N8 metastatic LNs). This grouping was also verified to be useful by Kaplan-Meier survival analysis.
In fact, the survival was influenced not only by metastatic LN staging. Tumor grade has been reported to be the single most important prognostic factor in small bowel adenocarcinomas [22] . Meanwhile, other independent factors, such as age, tumor size, and M stage, were also significant risk factors for poorer survival [3, 14] . After uni-and multi-variate Cox analysis of clinical characteristics for prognosis of SBA, we found that age, T stage, M stage, grade, number of metastatic LNs, and tumor size were associated with prognosis in these 2 cohorts. Larger tumor size was found to be associated with better survival. We analyzed the relationship between size and T, N, and M, and found that N5 cm and b5 cm did not differ with respect to T and N, but the M1 ratio of N5 cm was smaller than that of patients with other tumors, indirectly confirming that N5 cm is gentler than b5 cm. This may be because patients with relatively large tumors undergo more comprehensive resection range and more aggressive late radiotherapy and chemotherapy, The number of examined lymph nodes was not included for the AIC is bigger after included it into nomogram, not the optimal model. which affect prognosis. These may be because tumors in the lumen of the small intestine do not metastasize easily. Primary location was also reported for prognostic value in SBA patients [19] . We analyzed it in the uni-and multi-variate Cox analysis model of clinical characteristics for the prognosis of SBA and found it to be less important than other factors. We did not include it into the nomogram. In addition, adjuvant chemotherapy could influence the prognosis of SBA patients. It has been reported that adjuvant chemotherapy could significantly Invasion (T stage)
Points
Number of lymph node metastasis improve stage III SBA patients over with those who received only surgical treatment. However, the efficacy of adjuvant chemotherapy in patients with stage II and poorly differentiated cancer needed to be weighed against potential drug toxicity [7] . Furthermore, biologic prognostic factor also has an effect on the prognosis of SBA. Genomic profiling demonstrated a series of genomic alterations in SBA: APC, CDKN2A, KRAS, SMAD4, BRAF, TP53, PIK3CA, and ERBB2, which may be involved in the development of the disease and the impact of targeted therapy [2, 17, 24] . The number of lymph nodes examined was not included because the AIC became larger after it was included in the nomogram and found to be sub-optimal. These findings were closely consistent with previous reports on SBA risk factors. Taking the influence of these factors into account, traditional TNM staging might not predict survival well. Combining all of the effective factors, we developed a prediction model using the cohort of patients diagnosed between 2004 and 2010. This model was shown using the nomogram and the validation and calibration of the nomogram was crucial to avoiding model overfitting and determining generalizability. In the current study, the nomogram showed optimal agreement between prediction and actual observation for 1-, 3-, and 5-year survival, which indicated that the established nomogram was repeatable and reliable. The external cohort of patients diagnosed between 2011 and 2014 for 1-, 3-, and 5-year survival was also well calibrated for the external validation of the nomogram. The validation cohort was not comparable to the internal cohort for the number of lymph nodes examined and the tumor grade. It is difficult to achieve this result under real-world conditions, however, and it is more difficult in the database's retrospective analysis. We grouped patients according to the year in which the tumor was found and analyzed the influencing factors to predict prognosis. By comparing these results to those produced using TNM8, our nomogram prediction model based on the classification of lymph nodes was able to better predict the prognosis in both populations. The model also showed better universality. We also look forward to further validation of this predictive model in forward-looking related research and other large population research.
To evaluate the value of this nomogram for predicting survival, we performed several contrasts with traditional TNM stage. The nomogram produced a higher C-index in both internal cohort and external cohort than TNM stage, which showed greater discriminative ability. The same result was also found in the analysis of specificity using the time-dependent ROC curves for 1-, 3-, and 5-year CSS. It also consistently predicted survival with a higher accuracy than the traditional TNM staging and provided better clinical usefulness throughout the range of survival as assessed by DCA. Through this easy-to-use scoring system, individualized survival prediction could be performed by both physicians and patients after surgery. We found our nomogram to be a more precise prognostic model than the TNM staging system. The present work has some limitations that should be discussed. These include the retrospective nature of the SEER database collection. The diagnosis of metastatic LN and LN structures all depend on each doctor in different clinical centers. The lack of data for many biological prognostic factors and molecular data could also influence the prognosis of SBA patients. We excluded patients who had missing data regarding any of the collected variables that might have increased the bias. This work is also limited by the failure to incorporate some recognized prognostic parameters or chemotherapy and radiation due to the large bias of the information and lack of detailed information regarding chemotherapy and radiation. Finally, the difference in the number of months of follow-up and the small number of patients followed up for a full 5 years in the validation cohort might have caused bias in predicting the 5-year death risk. Although this nomogram performed well in the two cohorts, it should be used with caution when predicting 5-year risk. We screened the main influencing factors for modeling based on database content. Due to the limitations of the database, the content of the factors named above is not covered and we hope to have relevant data in the future so that we can incorporate it into our research.
In conclusion, this study was performed to examine the number of LNs examined, and we found 17 or more to be optimal. We also modified the current N staging into a 4-level staging system based on the number of metastatic LNs: N0, no LN metastasis; N1, 1-2 metastatic LNs; N2, 3-8 metastatic LNs, and N3, N8 metastatic LNs. Based on this staging, we developed and validated a nomogram with greater clinical usability than traditional TNM staging for the prediction of survival of SBA patients.
